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CLOSED-LOOP VOLTAGE-TO-FREQUENCY 
CONVERTER 

This application claim bene?t to provisional application 
60/099,942 Sep. 11, 1998. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention is Within the ?eld of voltage-to 
frequency converters (V/F converters). In particular, the 
invention comprises a closed-loop V/F converter including 
a voltage-controlled oscillator (“VCO”) con?gured in a 
feedback voltage-locked loop. This V/F converter is espe 
cially useful in combination With a phase-locked loop 
(“PLL”) frequency synthesiZer for an RF receiver of a 
Wireless radio. 

2. Description of the Related Art 

Aprimary constraint on the design of a phase-locked loop 
frequency synthesiZer in a Wireless radio is its phase-noise 
performance. The phase-noise of the PLL, generally, is 
dominated by the phase-noise of the constituent VCO in the 
range of interest. The phase-noise of the VCO is inversely 
proportional to its poWer consumption. Thus, in order to 
meet the phase-noise requirements for the PLL, it is gener 
ally necessary to use expensive, high-quality VCO circuits, 
and/or it is necessary to increase the poWer of the VCO, 
Which is disadvantageous in portable radio devices Where 
poWer is limited. 

A free-running VCO is essentially an open-loop system, 
Where any noise in the system directly affects the output With 
no means of correction. When con?gured in a phase-locked 
loop, Which is a closed-loop feedback system, the loop 
corrects the noise of the VCO Within its bandWidth. Thus the 
VCO phase-noise is inhibited Within the PLL bandWidth. 

In this type of system, it is bene?cial to increase the PLL 
bandWidth as much as possible. But, the maximum PLL 
bandWidth is limited by the spurious rejection of the loop. 
Hence, the PLL bandWidth is generally one order of mag 
nitude less than the reference frequency. In a classical 
PLL-based frequency synthesiZer in a Wireless transceiver, 
the reference frequency Would be equal to the channel 
spacing, and the loop does not inhibit the VCO phase-noise 
in the range of interest. 

Therefore, a neW architecture for a frequency synthesiZer 
incorporating a VCO is needed. 

SUMMARY OF THE INVENTION 

The present invention comprises a closed-loop V/F con 
verter that includes a VCO placed in a feedback voltage 
locked loop (VLL). This converter achieves both Wide 
bandWidth (for good phase-noise suppression) and good 
spurious rejection. The closed-loop V/F converter may be 
further con?gured in a larger PLL to achieve accurate 
channel selection that is independent of temperature and 
process variations. 

In the V/F converter, the VCO output is ?rst divided doWn 
to a loWer frequency and then fed to a frequency-to-voltage 
converter (F/V). The DC value of the F/V output is propor 
tional to the input frequency. The F/V output is then com 
pared to a reference voltage to generate an error signal. This 
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2 
error signal is ?ltered by a loop ?lter and fed back to the 
VCO control input to create the voltage-locked loop. 
Although described in terms of a V/F converter, the concepts 
described in this application are also applicable to a current 

to-frequency converter (I/F). 
The present invention con?gures an ordinary VCO in a 

novel voltage-locked loop to create a V/F converter that 
overcomes many of the design problems With using VCOs 
in a radio device. Because the VCO is con?gured in a 
feedback loop, the phase noise of the VCO is corrected and 
inhibited Within the loop bandWidth. By making the loop 
bandWidth suf?ciently large, the VCO noise contribution to 
the V/F converter’s output is greatly reduced. This relaXes 
the design constraints on the VCO, thus alloWing for a VCO 
With loWer poWer consumption and possibly a monolithic 
VCO. 

The bandWidth of the loop in this V/F converter circuit is 
not limited by spurious rejection (as With a classical PLL), 
because the voltage spurs occur at the frequency at Which the 
F/V is operating. Since this frequency can be designed to be 
very large (e.g., 50MHZ) Without affecting tunability, the 
spurs are not close to the carrier frequency, and are also 

suf?ciently attenuated by the loop transfer function. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention provides numerous advantages 
over presently knoWn VCOs and PLLs as Will become 

apparent from the folloWing description When read in con 
junction With the accompanying draWings Wherein: 

FIG. 1 is a circuit schematic of a preferred closed-loop 

V/F converter; 
FIGS. 2A—2B are circuit schematics of tWo alternative 

frequency-to-voltage converter circuits; 
FIG. 3 is an S-domain block diagram of the closed-loop 

V/F converter of FIG. 1; 

FIG. 4 is a circuit schematic of a preferred PLL architec 
ture utiliZing the closed-loop V/F converter shoWn in FIG. 1; 

FIG. 5A is an S-domain block diagram of the PLL 
architecture of FIG. 4, and FIG. 5B is a frequency response 
plot of FIG. 5A; 

FIG. 6 is a plot shoWing a comparison of the simulated 
transient response of the analytical model; 

FIG. 7 is a plot shoWing the simulated closed-loop V/F 
converter response or the V/F With the VCO phase-noise; 
and 

FIG. 8 is a block diagram of a tWo-Way radio transceiver 
incorporating a PLL as set forth in FIG. 4. 

DETAILED DESCRIPTION OF THE DRAWINGS 

A preferred circuit architecture for a closed-loop V/F 
converter for use With a PLL is shoWn in FIG. 1. In this V/F 

converter, an ordinary VCO 14 is con?gured in a feedback 
loop. The output of the VCO 14 (f0) is ?rst divided doWn to 
an intermediate frequency Where an accurate frequency-to 
voltage conversion is feasible, using a UN divider circuit 18. 
The value “N” of the divider circuit 18 could be either ?Xed 
or variable, depending on the implementation of the V/F 
converter. The F/V 16 produces a voltage output that is 
proportional to the input frequency from the output of the 
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divider 18. This output is subtracted from a reference 
voltage (V) by summer circuit 10, and the generated error 
signal output from the summer 10 is ?ltered by a loop ?lter, 
H1(s) 12, Which determines the bandWidth and spurious 
rejection of the circuit. If the loop ?lter 12 is chosen to have 
a pole at DC (i.e., an integrator), then the steady-state error 
signal is Zero and the output of the F/V 16 is equal to the 
input reference. The output frequency fO is equal to: 

Where K‘ is the gain of the FN 16 in V/HZ. Hence, the circuit 
structure provides a voltage-to-frequency converter With a 
control voltage of vi, and a gain of Nl/K‘. 

One element in this preferred V/F converter is the F/V 16 
placed in the feedback path. TWo possible architectures for 
an F/V 16 are shoWn in FIGS. 2A—2B, although other 
architectures may be possible and are Within the scope of the 
invention. In FIG. 2A, an XOR gate 20 in combination With 
a delay element 22 produces a square Wave at tWice the input 
frequency With a duty cycle (and hence a DC level) directly 
proportional to the input frequency. In FIG. 2B, a capacitor 
24 integrates a constant current source 26 for a duration 

controlled through sWitch 27 by the input signal, fl, and is 
reset every cycle of the input. If the capacitor 24 voltage is 
sampled at the end of each cycle, the output level is 
indicative of the input frequency. As explained beloW, since 
the V/F converter is preferably con?gured in a larger PLL, 
the linearity of the F/V 16 is not critical. 

FIG. 2B also shoWs an optional con?guration that adds a 

delay element (tau) 25 (Where the tau is ?xed) and an AND 
gate 23 betWeen the input signal, fl, and the sWitch 27. This 
con?guration reduces the duration When the sWitch 27 is 
conducting, thus alloWing for an increased frequency-to 
voltage gain. For eXample, if the input is assumed to have a 
50% duty cycle, then using, then using the delay element 25 
and the AND gate 23, the sWitch 27 Will be closed 
(conducting) for a duration of only (T/2 -tau) every cycle, 
Where T is the time period of the input. This alloWs the 
circuit designer to increase the current, and/or to reduce the 
capacitance, thus increasing the frequency-to-voltage gain 
Without saturating the output voltage. High FN gain is 
important in such a circuit so that noise at the input does not 
result in severe noise at the output. 

The preferred architecture shoWn in FIG. I has the advan 
tages of feedback systems. The most signi?cant of these 
advantages is the correction effect of the loop. An S-domain 
analysis shoWs that this loop, similar to a PLL, inhibits the 
VCO phase-noise Within its bandWidth. Since the reference 
in this case is a voltage level, not a frequency signal, it does 
not result in any spurious noise at the output, and hence the 
bandWidth can be made very Wide resulting in improved 
VCO phase-noise suppression. 

The spurious noise in this architecture comes from the 
F/V 16 output. According to the design of the FN 16, there 
may be a certain amount of voltage spikes on its output. The 
frequency of these spikes are equal to the input frequency of 
the F/V 16. Since this frequency could be relatively very 
large (e.g., 50—100MHZ), even a high loop bandWidth (e.g., 
5MHZ) achieves adequate spurious suppression. In addition, 
since the spurious frequency is in the tens of MHZ range 
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4 
aWay from the carrier (as opposed to the channel spacing in 
a classical PLL case), the spurious rejection requirement 
might even be more relaXed. 

Another advantage of this architecture is the fact that the 
gain of the loop is controllable. By designing the F/V 16 
such that its gain is tunable (e.g., through a bias current), 
then the gain of the closed-loop V/F converter could be 
dynamically varied. The output frequency could thus be 
tuned through the input voltage reference and/or through the 
F/V gain, and/or through the division ratio, N. 

FIG. 3 shoWs the S-domain block diagram of the preferred 
closed-loop V/F converter. The nature of the signals is 
indicated on each node. The noise source 6) 28 represents the 
VCO 14 phase noise. The output of the loop is a phase 
(hence the VCO 14 is modeled as KO/s). This alloWs for a 
proper comparison With an ordinary PLL, because the phase 
noise of the VCO 14 is in the phase domain. The s-block in 
the feedback path transforms the signal from the phase to the 
frequency domain, and the F/V 16 is modeled by its gain K‘ 
(assuming that its delay is negligible With respect to the loop 
bandWidth). 

Setting 6)” 28 to Zero, the transfer function betWeen the 
output frequency and the input voltage (vi) reference is 

KOK’ [2] 

This result differs from an ordinary PLL. In an ordinary 
PLL, the relation betWeen the output and input phases is 
similar to the above equation if each H1(s) is replaced by 
H1(s)/s. This leads to the fact that a PLL With a ?rst order 
loop ?lter, H1,(s), has a second order transfer function. In the 
present case hoWever, this eXtra order is missing. This is due 
to the fact that the frequency of the output and not the phase 
is sensed in the feedback path (i.e., due to the s-block in the 
feedback path). A closer look, hoWever, shoWs that the 
presence of this s-block in the feedback path adds a phase 
shift of 90°. This cancels the 90° phase shift introduced by 
the KO/s block 14 in the feed-forWard path, and thus the 
phase margin is improved by an additional 90°. This eXtra 
phase margin can be utiliZed to increase the order of the loop 
?lter, H1(s) 12, Without affecting the loop stability. Thus, 
since a higher order loop ?lter can be used, the transfer 
function in [2] is similar to the response of an ordinary PLL. 
For eXample, if H1(s) is chosen to be 

[11(5) : K1 1 +511 [3] 
S 

then the output frequency Would be 

_ _ , 245M”) +1 [4] 

f0 - (NM/K ) Where 

[5] 
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-continued 
Tim” 

4- T 

and K0 is the VCO gain in HZ/V. This is similar to the 
transfer function of an ordinary PLL. 
As for the loop response to the VCO phase noise, the 

output phase is given by 

And for a second order loop ?lter, 

Thus, similar to a classical PLL, the VCO phase noise is 
inhibited Within the loop bandWidth by a slope of 40 
dB/decade. 

In order to make the output frequency independent of any 
nonlinearities, or temperature variations associated With the 
F/V, the closed-loop V/F converter is further con?gured in a 
larger PLL as shoWn in FIG. 4. This architecture is essen 
tially a classical PLL With the ordinary open-loop VCO 
replaced by the closed-loop V/F converter architecture 
(10—18). At steady state, the inputs of the phase/frequency 
detector (PFD) 30 are phase-locked and the output fre 
quency is equal to Nzfref, If fref is derived from an accurate, 
ternperature-cornpensated crystal oscillator, then tempera 
ture and process variation no longer affects the output 
frequency. 

In a Wireless radio, fref is chosen to be equal to the channel 
spacing, and accurate frequency synthesis is achieved. 
While the bandWidth of the overall loop is kept one decade 
less than fref, for adequate spurious rejection, the VCO 
phase-noise is still inhibited Within the large bandWidth of 
the closed-loop V/F converter. Thus, the architecture 
decouples the VCO phase-noise and the fref spurious rejec 
tion. Unlike the ordinary PLL, Where the choice of the loop 
bandWidth is a tradeoff betWeen the tWo, this architecture 
adds one more design parameter (the bandWidth of the 
closed-loop V/F converter) that alloWs for the simultaneous 
rejection of the VCO phase-noise and the reference spurious. 
Also, since the bandWidth of the overall PLL is small, the 
phase-noise of the reference frequency (Which increases by 
20 logN2 When mapped to the output) Would be attenuated 
in the operating range of interest. 

Another advantage of this architecture is the l/f noise 
reduction. As explained beloW, VCO phase-noise that is 
Within the bandWidth of both the closed-loop V/F converter 
and the overall loop encounters an eXtra order of correction. 
This Would reduce the phase-noise very close to the carrier 
that is caused by the l/f and the 1/f2 noise. In the same 
manner, noise at the input reference frequency that is beyond 
both the closed-loop V/F converter bandWidth and the 
overall loop bandWidth is further attenuated. 

It is important to note that for the loop stability not to be 
affected, it is preferable that the inner closed-loop V/F 
converter be much faster than the outer loop. This is in 
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6 
agreement with the purpose of the architecture, Which is 
having a very large closed-loop V/F converter bandWidth, 
for good phase-noise rejection, and a small overall loop 
bandWidth for adequate reference and phase-noise spurious 
rejection. It can be shoWn that for a ?rst- order loop ?lter, 
H2(s) 32, and a closed-loop V/F converter bandWidth that is 
only ten times larger than the overall bandWidth, the phase 
margin of the overall loop changes by less than 02°. An 
S-dornain block diagram of the overall PLL is shoWn in FIG. 
5A. The PLL loop ?lter, H2(s) 32 is assumed to be a classical 
?rst-order charge-purnp ?lter, With a current source of Ip, a 
capacitor C, and resistor R. By Writing the transfer function, 
the natural frequency and damping factor of the overall PLL 
are: 

This natural frequency is preferably less than the natural 
frequency of the closed-loop V/F converter in order to 
guarantee stability. If the natural frequency of the overall 
PLL is set to be 10 kHZ and that of the closed-loop V/F 
converter is SMHZ, and for darnping factors of 0.707, the 
frequency response of the loop to the VCO phase-noise 
Would be that shoWn in FIG. 5B. As shoWn, the noise is 
attenuated Within the closed-loop V/F converter bandWidth 
by 40 dB/decade. For very small offsets from the carrier, the 
slope increases to —80 dB/decade providing eXtra attenua 
tion for noise that is very close to the carrier. 

Systern-level simulations of the closed-loop V/F con 
verter Were conducted by the inventors. The preferred archi 
tecture Was built in SirnulinkTM of Matlab TM. The frequency 
to-voltage converter sirnulated Was that of FIG. 2B. The 
natural frequency and damping factor of the loop Were 
chosen to be 2.8MHZ and 0.7 respectively. The center 
frequency Was chosen to be lGHZ and the division ratio, N1, 
Was 10. In order to validate our S-dornain analysis, the 
transient response of this loop was compared to that of the 
system of FIG. 3, With the same parameters. The response of 
the loop ?lter output (Which is directly proportional to the 
output frequency) is shoWn in FIG. 6. As seen, the tWo 
outputs are in close agreement. The increase in overshoot for 
the closed-loop V/F converter could be attributed to the fact 
that the delay of the F/V (Which decreases the phase margin 
of the loop) Was not accounted for in the S-dornain analysis. 
The response of the loop to the VCO phase-noise is shoWn 

in FIG. 7. Here, the bandWidth of the loop Was increased to 
125MHz. Three noise sources Were injected in the phase of 
the VCO at frequencies of 6, 11 and 30MHZ. Their ampli 
tudes Were equal and Were 26 dBc beloW the carrier. As 

shoWn, the component Within the loop bandWidth has been 
attenuated by more than 10 dB. The component at 11 MHZ 
experienced only a small attenuation, as it is on the edge of 
the bandWidth, While the 30MHZ Was not attenuated. This is 
in good agreement With the analysis results in FIG. 5(b). 

FIG. 8 is a block diagram of a Wireless data communi 

cations device, such as a tWo-Way radio transceiver, incor 
porating a PLL as set forth in FIG. 4. There are tWo paths, 

a receive path (the upper path) and a transrnit path (the loWer 
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path.) In the receive path, the signal is picked up by the 
antenna 40 and ?ltered With a SAW ?lter 42. This ?lter 42 
is responsible for rejecting the image channel. The RF signal 
is then ampli?ed by a loW-noise ampli?er (LNA) 44. The 
LNA 44 exhibits a very loW noise level so that the noise Will 
not overWhelm the often Weak RF signal. The ampli?ed 
signal is then translated from the RF frequency band to an 
intermediate frequency via the mixer 46. The mixer 46 
multiplies the output of the LNA 44 With the LO signal 
produced by the frequency synthesiZer 52. The LO signal is 
a high-frequency signal that should be of high spectral 
purity. Channel selection is performed by tuning the LO 
signal in steps equal to the channel spacing. 
At I.F., a high quality-factor SAW ?lter 48 passes the 

desired channel and ?lters out the unWanted adjacent chan 
nels. The signal is then further ampli?ed 50 and mixed doWn 
(in quadrature) to baseband (DC) 54. A loW-pass ?lter 56 
rejects any residual unWanted signals and an analog-to 
digital (A/D) converter 60 converts the analog signal to the 
digital domain for processing by an associated digital signal 
processor (DSP) 63. An automatic gain control (AGC) 
element 58 precedes the A/D. The function of this element 
is to adjust the gain according to the strength of the input 
signal so as to present the AID With a signal of relatively 
constant amplitude. 
On the transmit side, the digital signal processor (DSP) 

processes the digital transmit data and produces the modu 
lated signal in a digital format. The modulated digital signal 
is converted to analog via a pair of D/A converters 64 (one 
for each of the I and Q modulation signals) and ?ltered 66. 
The I/O signals are then mixed up (in quadrature) to an 
intermediate frequency via mixers 68, Where the combined 
signal is then ?ltered 70 and ampli?ed 72. The ?lter 70 at the 
IF. frequency in the transmit path rejects any carrier 
feedthrough or mixer spurs. The signal is then mixed 74 up 
from the IF. frequency to the RF frequency using another 
LO signal from the same or another frequency synthesiZer 
52. The signal is then ?ltered 76 and fed to a poWer ampli?er 
78, Which substantially increases the signal poWer level. The 
signal is then transmitted through the antenna 40 through 
?lter 80. 

In this architecture, usually tWo frequency synthesiZers 52 
are employed. One to provide the high-frequency LO signals 
to the receiver and transmitter and the other to provide the 
tWo loW-frequency signals for the quadrature mixers 54, 68. 
The number of frequency synthesiZers can vary according to 
the values of the receive and transmit bands and to Whether 
the receiver and transmitter operate simultaneously. 

Having described in detail the preferred embodiments of 
the present invention, including its preferred modes of 
operation, it is to be understood that this operation could be 
carried out With different elements and steps. This preferred 
embodiment is presented only by Way of example and is not 
meant to limit the scope of the present invention. 
We claim: 
1. Avoltage-to-frequency conversion system, comprising: 
a voltage source con?gured to generate a reference volt 

age signal; 
a feedback loop including a frequency to voltage con 

verter con?gured to generate a feedback voltage signal 
in response to a feedback frequency signal, Wherein the 
frequency to voltage converter includes an XOR gate 
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8 
logic device having ?rst and second input nodes and an 
output node, the ?rst input node being con?gured to 
receive the feedback frequency signal, the second input 
node being con?gured to receive a time delayed version 
of the feedback frequency signal, and the output node 
being coupled to a capacitor; 

a summer con?gured to mathematically combine the 
reference voltage signal and the feedback voltage sig 
nal; 

a loop ?lter coupled to the summer and con?gured to ?lter 
the mathematically combined signal; and 

a voltage controlled oscillator (VCO) coupled to the loop 
?lter and the feedback loop. 

2. The system of claim 1, further comprising: 

a frequency divider coupled betWeen the VCO and the 
frequency to voltage converter to generate the feedback 
frequency signal from an output signal of the VCO. 

3. The system of claim 1, Wherein the loop ?lter is a loW 
pass ?lter. 

4. Avoltage-to-frequency conversion system comprising: 
a voltage source con?gured to generate a reference volt 

age signal; 
a feedback loop including a frequency to voltage con 

verter con?gured to generate a feedback voltage signal 
in response to a feedback frequency signal, Wherein the 
frequency to voltage converter includes a constant 
current source, a capacitor, and a sWitching device, 
Wherein the capacitor is coupled to the constant current 
source via the sWitching device; 

a summer con?gured to mathematically combine the 
reference voltage signal and the feedback voltage sig 
nal; 

a loop ?lter coupled to the summer and con?gured to ?lter 
the mathematically combined signal; and 

a voltage controlled oscillator (VCO) coupled to the loop 
?lter and the feedback loop. 

5. The system of claim 4, further comprising: 

a frequency divider coupled betWeen the VCO and the 
frequency to voltage converter to generate the feedback 
frequency signal from an output signal of the VCO. 

6. The system of claim 4, Wherein the loop ?lter is a loW 
pass ?lter. 

7. A frequency synthesiZer, comprising: 
a reference source con?gured to generate a reference 

frequency signal; 
a feedback loop system that includes ?rst and second 

loops, the ?rst loop including a ?rst variable device and 
a converter and a second loop including a second 
variable device; 

a phase detector con?gured to compare phases of the 
reference frequency signal With a signal output from 
the second loop; 

a ?rst loop ?lter coupled to the phase detector and 
con?gured to smooth an output signal of the phase 
detector; 

a summer coupled to the ?rst loop ?lter and the ?rst loop 
and con?gured to mathematically combine the 
smoothed output signal and a signal output from the 
?rst loop; 

a second loop ?lter coupled to the summer and con?gured 
to smooth the mathematically combined signal; and 

a voltage to frequency converter coupled to the second 
loop ?lter and the feedback loop system. 
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8. The frequency synthesizer of claim 7, Wherein the 
frequency synthesizer is adapted into a Wireless data com 
munications device. 

9. The frequency synthesiZer of claim 7, Wherein the 
converter is a frequency to voltage converter. 

10. The frequency synthesiZer of claim 9, Wherein the 
frequency to voltage converter includes an XOR gate logic 
device having ?rst and second XOR input nodes and an 
XOR output node, a time delay device having a delay input 
node and a delay output node, and a capacitor. 

11. The frequency synthesiZer of claim 10, Wherein the 
?rst XOR input node and the delay input node are coupled 
to the voltage to frequency converter, the second XOR input 
node is coupled to the delay output node and the XOR output 
node is coupled to a capacitor. 

12. The frequency synthesiZer of claim 9, further com 
prising a constant current source and a sWitching device, 
Wherein the frequency to voltage converter includes a 
capacitor coupled to the constant current source via the 
sWitching device. 

13. A closed-loop voltage-to-frequency converter circuit, 
comprising: 

a VCO (14) having a voltage input and a frequency output 
(f0); and 

a voltage-locked loop for controlling the voltage input to 
the VCO (14), including: 
a divider (18) coupled to the frequency output (fo) for 

generating a divided feedback frequency signal; 
a frequency-to-voltage (F/V) converter (16) coupled to 

the divided feedback frequency signal for generating 
a corresponding feedback voltage signal, Wherein the 
frequency-to-voltage (FN) converter (16) includes 
an XOR gate (20), a delay element (22), and a 
capacitor; and 

a subtractor circuit (10) coupled to the feedback voltage 
signal and a reference voltage (Vi) for generating a 
voltage control signal that is coupled to the voltage 
input of the VCO (14). 

14. The circuit of claim 13, Wherein the XOR gate 
includes ?rst and second input nodes and an output node, the 
?rst input node coupled to the divided feedback frequency 
signal, the second input node coupled to a time delayed 
version of the divided feedback frequency signal output 
from the delay element, and the output node coupled to the 
capacitor. 

15. A closed-loop voltage-to-frequency converter circuit, 
comprising: 

a VCO having a voltage input and a frequency output (fo); 
and 

a voltage-locked loop for controlling the voltage input to 
the VCO, including: 
a divider coupled to the frequency output (fo) for 

generating a divided feedback frequency signal; 
a frequency-to-voltage converter coupled to the 

divided feedback frequency signal for generating a 
corresponding feedback voltage signal, Wherein the 
frequency-to-voltage (F/V) converter includes a con 
stant current source, a capacitor, and a sWitching 
device, Wherein the capacitor is coupled to the con 
stant current source via the sWitching device; and 

a subtractor circuit coupled to the feedback voltage 
signal and a reference voltage (Vi) for generating a 
voltage control signal that is coupled to the voltage 
input of the VCO. 
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16. A phase locked loop (PLL) frequency synthesiZer 

comprising: 
a reference source con?gured to generate a reference 

frequency signal; 
a phase detector con?gured to compare phases of the 

reference frequency signal and a ?rst feedback signal; 
a ?rst loop ?lter coupled to the phase detector and 

con?gured to smooth an output signal of the phase 
detector; 

a closed-loop voltage-to-frequency converter circuit 
coupled to the ?rst loop ?lter and con?gured to gen 
erate an output synthesiZed frequency signal; and 

a ?rst feedback loop including a frequency divider con 
?gured to divide the frequency of the output synthe 
siZed frequency signal to thereby generate the ?rst 
feedback signal; 

Wherein the closed-loop voltage-to-frequency converter 
comprises: 

a summer coupled to the ?rst loop ?lter and a second 
feedback loop and con?gured to mathematically com 
bine the smoothed output signal and a second feedback 
signal; 

a second loop ?lter coupled to the summer to smooth 
mathematically combined signal; 

a voltage to frequency converter coupled to the second 
loop ?lter and con?gured to generate the output syn 
thesiZed frequency signal; and 

a second feedback loop comprising a frequency divider 
coupled to the voltage to frequency converter and a 
frequency to voltage converter coupled to the second 
frequency divider and con?gured to generate the sec 
ond feedback signal. 

17. A Wireless communication device comprising: 

an antenna; 

a receiver coupled to the antenna for receiving commu 
nication signals having a receive channel frequency; 
and 

a frequency synthesiZer for generating a local oscillator 
(LO) signal, the frequency synthesiZer comprising: 

a reference source con?gured to generate a reference 
frequency signal; 

a feedback loop system that includes ?rst and second 
loops, the ?rst loop including a ?rst variable device and 
a converter and the second loop including a second 
variable device; 

a phase detector con?gured to compare phases of the 
reference frequency signal With a signal output from 
the second loop; 

a ?rst loop ?lter coupled to the phase detector and 
con?gured to smooth an output signal of the phase 
detector; 

a summer coupled to the ?rst loop ?lter and the ?rst loop 
and con?gured to mathematically combine the 
smoothed output signal and a signal output from the 
?rst loop; 

a second loop ?lter coupled to the summer and con?gured 
to smooth the mathematically combined signal; and 

a voltage to frequency converter coupled to the second 
loop ?lter and the feedback loop system and con?gured 
to generate the LO signal. 
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18. The Wireless communication device of claim 17, 
further comprising a transmitter coupled to the antenna for 
transmitting communication signals at a transmit channel 
frequency. 

19. The Wireless communication device of claim 18, 
Wherein the receive signal frequency and the transmit signal 
frequency are radio frequencies 

20. The Wireless communication device of claim 19, 
Wherein the receiver comprises a frequency doWn converter 
con?gured to convert received RF communication signals 
into intermediate frequency (IF) signals using the LO signal, 
and the transmitter comprises a frequency up converter 
con?gured to convert IF signals into RF communication 
signals using the LO signal. 

21. The Wireless communication device of claim 20 
Wherein the receiver further comprises a ?rst quadrature 
mixer for resolving the IF signals into baseband in-phase 
and quadrature components, and the transmitter further 
comprises a second quadrature mixer for combining base 
band in-phase and quadrature signal components into IF 
signals. 

22. The Wireless communication device of claim 21, 
further comprising a second frequency synthesiZer for gen 
erating a second LO signal, Wherein the ?rst and second 
quadrature miXers use the second LO signal to respectively 
resolve the IF signals into baseband components and com 
bine the baseband components into IF signals. 

23. AWireless data communication device having a trans 
mit path, a receive path, and one or more phase-locked loop 
frequency synthesiZers, the one or more phase-locked loop 
frequency synthesiZers including: 
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a closed-loop voltage to frequency converter comprising: 
a voltage controlled oscillator (VCO) having a voltage 

input and a frequency output; and 

a voltage locked loop (VLL) coupled to the VCO for 
controlling the voltage input in response to the fre 
quency output, the VLL including a frequency-to 
voltage converter for generating a feedback voltage 
signal from a feedback frequency signal, and a sub 
tractor circuit coupled to the feedback voltage signal 
and a reference voltage signal for generating the volt 
age input to the VCO, Wherein the frequency-to 
voltage converter includes an XOR gate, a delay 
element, and a capacitor. 

24. AWireless data communication device having a trans 

mit path, a receive path, and one or more phase-locked loop 
frequency synthesiZers, the one or more phase-locked loop 
frequency synthesiZers including: 

a closed-loop voltage to frequency converter comprising: 
a voltage controlled oscillator (VCO) having a voltage 

input and a frequency output; and 
a voltage locked loop (VLL) coupled to the VCO for 

controlling the voltage input in response to the 
frequency output, the VLL including a frequency 
to-voltage converter for generating a feedback volt 
age signal from a feedback frequency signal, and a 
subtractor circuit coupled to the feedback voltage 
signal and a reference voltage signal for generating 
the voltage input to the VCO, Wherein the frequency 
to-voltage converter includes a current source, a 
sWitch, and a capacitor. 


